ABSTRACT Humidifier fever (Monday sickness) occurring in office staff in a factory processing rayon presented as pyrexia with a polyuria and leucocytosis on the first day back to work after a break during the winter half of the year. Chest radiographs showed no abnormalities but pulmonary function tests indicated mild airways obstruction in the affected group as a whole. Respirable dust samples taken on a Monday when 11 cases occurred were not pyrogenic, indicating that a mechanism other than direct pyrogen activity produced the pyrexia. Efforts were then directed to determining an immunological basis for the episodes. In particular, Thermoactinomyces vulgaris, previously held responsible for humidifier fever, was studied. During the episode of 11 cases, the number of viable airborne spores of this organism was far higher than on Mondays when no cases occurred. In a second episode of nine cases, however, the airborne viable count was of the same order as nonepisode Mondays.
Edwards vironment and mixed with a variable proportion of external air. This is warmed and passed through a humidifier chamber where fine droplets of water are sprayed into the moving air current. Larger droplets are removed by baffle plates that cause turbulence and particle deposition. The temperature-controlled, humidified air is then distributed.
Normally these systems present few health problems except when infective or allergenic materials find their way into the humidification system. This can occur when organic material present either in the air taken into the humidifier, or in the water used for humidification, provides nutrient for air-or water-borne microbes. Biomass build-up occurs in the humidifier chamber itself or on the baffle plates due to air/water-borne particle deposition and may be propagated if the water that has not evaporated in the humidifier is recirculated. One (2 5 kg) used in the pyrogen study).
One ml of dust suspension was inoculated into themarginal earveins of two rabbitsandtemperatures were recorded by indwelling rectal thermometers over a seven-hour period. The experiment was repeated with the dust suspension at x 2, x 5, and x 10 this concentration. The ceiling dust itself was tested for pyrogenicity at 400 jug/kg, likewise extracts of the organisms associated with the ceiling dust and office atmosphere-that is, T vulgaris, Cladosporium herbarum, and a bacillus.
INVESTIGATIONS INTO CEILING DUST AND HUMIDIFIER MATERIAL

Microbial analysis
Fungi were grown on Sabouraud's agar and corn meal agar at room temperature and 37°C. Bacteria were cultured on nutrient agar at room temperature, 37°C, and 50°C. Protozoa were detected by growth on Klebsiella aerogenes streaked on non-nutrient agar plates at room temperature.
Preparation of extracts
Dust extracts-The suspended ceiling tiles had a thin aluminium covering on their uppermost surface, and it was possible to reach several of these. The dust was mopped off these tiles with a wet sponge and extruded into a plastic bucket containing sterile deionised water. After several tiles had been cleaned the dust suspension was shaken and soluble material obtained by filtration. Concentration was by air dialysis. Typically, 200 g dust yielded 50 mg soluble extract. To unprocessed suspension, phenol was added to 1 0 to prevent microbial development.
Humidifier material-The sludge from the humidifier chamber or baffle plates was extracted with water at 10% w/v, filtered, and concentrated. Humidifier recirculating water was filtered and concentrated. Plates were incubated at room temperature for two days and stained according to techniques previously outlined."
Precipitin lines from adjacent antigen wells that fuse at their intercept indicate the same antigenic material to be present in both wells (line of identity).
Contamination ofprocessed rayon dust obtained from the atmosphere and incoming rayon Ten g aliquots of sterile (autoclaved) or untreated airborne rayon fly from the dust filtration units in the factory were incubated with 500 ml aliquots of sterile (autoclaved) or untreated incoming factory water for 14 days at room temperature in sterile one litre conical flasks; 100 ml were then removed, filtered, and concentrated to about 0'5 ml by air dialysis.
One sample of untreated dust plus untreated water was processed after overnight incubation at 4°C, anc 100 ml of untreated incoming water were also filtered and concentrated to 0 5 ml. The procedure was duplicated in its entirety using laboratory water in the place of factory water.
Thirty-six further samples of rayon from the centres of unused incoming rayon bales were processed as described with 10 g rayon plus 500 ml sterile laboratory water in sterile one litre conical flasks. The presence of antigen was detected using immunodiffusion against known positive serum from a humidifier fever case.
Comiparisons ofantigenic material and sera from other outbreaks Extracts of humidifier sludge from two other outbreaks as well as sera from these outbreaks were tested by immunodiffusion using joining lines of identity to detect identical antigens and functional antibodies. One (fig 3a) . Ceiling dust (fig 3a) and calcium sulphate were also non-pyrogenic at up to 400 ,ug/kg. Extracts of T vulgaris and C herbarum produced pyrexia (fig 3b) . Interestingly, the response to T vulgaris was biphasic at 400 ,tg/kg reducing to a late monophasic response at 40 ,ug/kg. After these results T vulgaris was considered unlikely to be the causative agent in our episodes.
INVESTIGATIONS INTO CEILING DUST
The investigation was extended into ceiling dust which, although non-pyrogenic, presumably con- These experiments indicate that airborne factory dust can develop antigens and that "contamination" occurs only after the incoming rayon is processed.
The spores and cysts may be attached to the rayon fly either during processing through machines (a dry process) or be picked up from the atmosphere when the fly becomes airborne. The source of these microbes could be the humidifier, since although the bulk (that is, > 99 %) material has been removed, the remaining sludge (about 100 g) is still potently antigenic.
Further inquiries showed that on three distinct occasions the valve controlling the steam supply to a calorifier located over the office area with the humidification system stopped working. Steam filled the void space, and the entire suspended ceiling had pockets of water that sometimes caused the tiles to sag and leak into the office. This factor it seems led to secondary microbial development, since there was an appreciably increased presence of soluble sugars in the ceiling dust detected, using the phenol/sulphuric acid method of Dubois et al,13 compared with factory rayon fly. To test whether the incoming rayon already had the necessary spores/ cysts for antigen development, 36 samples from the centre of incoming bales were incubated with sterile water and processed as for factory rayon fly samples. These results showed no antigens to be produced indicating that the factory rayon fly became contaminated from the humidifier air as it became airborne.
ANTIGENIC COMPARISONS WITH MATERIALS FROM OTHER OUTBREAKS
Lines of identity formed between Spanish, Swedish, and our humidifier sludge extracts reacting with either local positive sera or with Spanish or Swedish sera. This suggests common antigen sources and types of antibody response in these three outbreaks.
REMEDIAL ACTION
During the study period some attempts were made to provide a solution to the problem. After the initial 11-episode outbreak ( fig 2) the fans extracting air from the office were switched off and a large fan was installed in the roof, removing air from the void. The office heating system was modified to take in external air and force this into the office. These actions sought to increase the air pressure in the office relative to the void space. Manometer readings, however, showed little difference, if any, between void and office, possibly due to the relatively large void volume (12-6 x 103 m3) compared with the office (15 x 103 m3 ). Also at this time the humidifier was cleaned. The next nine episodes (fig 2) called for more drastic remedial action, and the office workers were rehoused in temporary buildings while the problem was considered. The suspended ceiling was removed in its entirety (2-5 x 103 m2) and the area thoroughly wet cleaned. The carpet (470 m2) in the office area was removed as an extract of this showed antigen to be present. The fire-brick wall separating the factory and offices was sealed off. Finally, the humidifier (plus two others in the factory) was cleaned; 20 kg sludge was removed. The baffle plates were replaced by non-metallic plates that are easily removed and cleaned (now once a month). Most importantly, the intake air had a prefilter incorporated that removes about 99 9 % of all the rayon fly. The water from the humidifier is run to waste and not recirculated. A recent examination of the humidifier showed less than 100 g of sludge in the whole system indicating fairly successful cleaning and preventative procedures. A new ceiling was placed on the office area, and half the workforce containing equal numbers of previously affected and non-affected individuals returned to the office area; so far (24 months) no episodes have been reported.
Discussion
The findings of our investigations suggest that in this outbreak at least the thermophilic actinomycete, T vulgaris, did not play a causative role as haa been suggested by Banaszak et al. 3 Possibly the precipitation lines seen in this American outbreak were due to non-specific reactions and the pyrexia observed on inhalation challenge was due to endogenous pyrogen from T vulgaris. It is also unlikely that thermophiles can develop in a normal humidifier since the running temperature is too low ( < 25°C). Again, farmers handling mouldy hay can be exposed to vast numbers of T vulgaris spores'4; yet our experience is that of more than a thousand sera tested over the past decade, only one farmer had precipitins to T vulgaris over and above the blur line that occurs with about half normal sera. The source of antigen described here is partly or wholly protozoal but the laboratory development of the total antigenic complex has not as yet been achieved, possibly due to our inability to recreate the precise conditions prevailing in the humidifier. From the experiments performed the following sequence of events probably led to the episodes observed.
The airborne rayon fly became deposited in the humidifier. Aiu/water-borne fungi and bacteria developed on the rayon (modified cellulose).
Concurrently, protozoa developed on the fungi/ bacteria setting up a sewage fungus complex.'5 The products and spores or cysts of these organisms were blown into the factory and adhered to factory rayon fly. This passed initially through the equilibration vents between the factory and the void and settled on the suspended ceiling. Steam saturation provided the necessary moisture for setting up a secondary complex, which when dried produced the very fine antigenic dust.
Sensitisation to antigenic components in the dust occurred in some office workers and led to pyrexial illness on Mondays. The mechanism of the in-vivo pyrogen granule release is not known, but certainly antigen-antibody complexes can cause pyrogen granule release from polymorphonuclear leucocytes16 ascan lymphokinesderived from lymphocyte-antigen interactions.'7 When tested about 44 % of the factory workforce also had precipitins against humidifier sludge in the absence of disease. Thus it seems that either the office workei s are sensitised differently from the factory workers or the presentation of the antigenic components are different in the office compared with the factory. Indeed, both factors may be operating but the latter is favoured since it is unlikely all the sensitised factory workers had a different type of sensitisation compared with the office workers, and the episodes were experienced only by people in the office.
The determination of undefined protozoa as antigen sources12 led to our obtaining a named free-living water-borne amoeba to prepare extracts. N gruberi provided a suitable antigen source but other amoebae have since been shown to be antigen sources. Warhurst'8 showed antibodies to Acanthamoeba in the sera of humidifier fever cases, and this is important in view of the limited pathogenic role of strains of Acanthamoeba. '19 Amoebae and protozoa probably provide the common thread running through outbreaks of humidifier fever. Several workers have reported a multitude of organisms in humidifiers,' 5 and the existence of variations of the sewage-fungus complex seems likely. Our cross-reactions with the Spanish and Swedish sera indicate a distribution of similar antigens in humidifier fever, yet this differs from the report by Longbottom,20 who found only minor antigens to be common in outbreaks at three different locations in Britain. Also other organisms can mediate a pyrexial response-for example, Gram-negative organisms in sewage sludge disease.21
As in other organic dust diseases removal from exposure eradicates the disease, and this was so in our cases when housed in the temporary offices. A permanent solution to the problem for the office workers has been to construct a separate, detached office block to high environmental standards. Further remedial action has eliminated dust in the old office area, and the humidifier now contains less that 1 % sludge compared with before cleaning. Yet within the factory the airborne dust still retains its potential to develop antigen when incubated with water for 10-14 days, and it seems logical that the microbes responsible were derived from the factory atmosphere since incoming rayon bales incubated with water did not develop antigen. The stringent cleaning routines operating, however, and the awareness of the factory management of the problem makes the build-up of antigenic material to an unacceptable level extremely unlikely. 
